The current monograph of the European Scientific Cooperative on Phytotherapy (ESCOP) recommends Harpagophytum preparations for painful osteoarthritis, rheumatism and arthritic ailments (Mncwangi, Chen, Vermaak, Viljoen, & Gericke, 2012; Stewart & Cole, 2005) .
In cases of chronic pain wherein the equine patient requires ongoing, daily pharmaceutical support to maintain functionality and quality of life, the usefulness of NSAIDs is offset by the potential of their toxicological implications like the development of gastric and intestinal ulcer (Reed, Messer, Tessman, & Keegan, 2006) . In addition, long-term treatment with NSAIDs has been associated with the suppression of normal proteoglycan synthesis in horses (Beluche, Bertone, Anderson, & Rohde, 2001) . The well-known adverse effects in long-term use of NSAIDs are likely the contributors to the growing use of "alternative" treatments for chronic inflammatory disorders in horses (Trumble, 2005) .
As a result of a number of recent studies, Harpagophytum is proposed as a complementary treatment for chronic rheumatism, tendonitis, osteoarthritis, and arthritis (Colas, Garcia, & Popot, 2006) .
In vitro and in vivo studies showed that the active principle of
Harpagophytum extract seems to be a sum of co-active constituents (Chrubasik et al., 2006) . Recent investigations in humans documented the iridoid glycoside harpagoside to be the pharmacologically most active (Van Haelen et al., 1983) and most effective antiphlogistic component of Harpagophytum in animal models of inflammation (Baghdikian, Lanhers, & Fleurentin, 1997; Lanhers, Fleurentin, Mortier, Vinche, & Younos, 1992; Loew, Möllerfeld, Schrödter, Puttkammer, & Kaszkin, 2001; Soulimani, Younos, Mortier, & Derrieu, 1994) . Harpagoside is also referred to be the main characteristic marker of both species H. procumbens and Harpagophytum zeyheri, other iridoid glycosides such as harpagide and 8-para-coumaroyl harpagide are not always present in Harpagophytum extracts (Colas et al., 2006) .
Various chemical and pharmacological studies on H. procumbens
have been carried out to demonstrate its bioactive compounds and pharmacological effects. Recent data provide evidence that devil′s claw extracts have a broader mechanism of action than NSAIDs (Chrubasik, Model, Black, & Pollak, 2003; .
H. procumbens extracts were shown to exert anti-inflammatory and analgesic activity (Georgiev et al., 2010; Mncwangi et al., 2012) by the inhibition of inflammatory mediators such as COX-2 mediated prostaglandin (Fiebich, Heinrich, Hiller, & Kammerer, 2001; Fiebich, Munoz, Rose, Weiss, & McGregor, 2012; Huang et al., 2005; Jang et al., 2003) and suppression of leukotriene biosynthesis (Loew et al., 2001 ). The inhibition of COX-1 and COX-2 activity and nitric oxide (NO) production by an extract of H. procumbens was shown in humans (Anaute, Torres, & De Mello, 2010) . In-vitro-data also demonstrated Harpagophytum extracts preventing the release of mediators of cartilage destruction, such as TNF-α, IL-1β, IL-6, matrix metalloproteinases and, nitric oxide (Fiebich et al., 2001 (Fiebich et al., , 2012 Huang et al., 2005; Kazunori, Kazuya, Shunsuke, & Hideaki, 2010; Schopohl, Grüneberg, & Melzig, 2016; Schulze-Tanzil, Hansen, & Shakibaei, 2004 ) and elastase (Boje, Lechtenberg, & Nahrstedt, 2003) . Immune modulatory function by facilitating cell migration into the inflamed tissue, whereby in consequence the anti-inflammatory activity of the resident macrophages was also found to be promoted by harpagoside (Schopohl et al., 2016) . The reported anti-inflammatory effect of H. procumbens could also be attributed to its antioxidant activity (Schaffer et al., 2013 ). The chondroprotective effect of H. procumbens in which the tissue inhibitor metalloproteinase-2 (TIMP-2) is involved was also proven in a study using an animal model of osteoarthritis (Chrubasik et al., 2006) . Concerning the analgetic properties of H. procumbens, it was determined that the opioid system seems to be involved in the antinociceptive effect (Uchida et al., 2008) .
Pharmacokinetic data of H. procumbens have previously been documented in human plasma (Loew et al., 2001) . Transferring the pharmacokinetic profile of a drug from one species to another might cause problems in clinical application concerning the design of dosage schedules (Lees, 2003) . Although a liquid chromatography/electrospray ionization mass spectrometric method was published to detect iridoids in equine urine and plasma by the Association of Official Racing Chemists (Colas et al., 2006) , there is no report to our knowledge on the pharmacokinetic data of harpagoside in equine plasma after administration of a therapeutic dose of Harpagophytum extract.
The objective of the present study was to evaluate the main pharmacokinetic parameters of harpagoside after single intragastric administration of two different doses of the H. procumbens extract FB 8858 in horses. As biopharmaceutical data are primarily important to link results from in vitro assays and clinical studies, the study of the pharmacokinetic parameters of harpagoside (the main active constituent of H. procumbens) will also provide basic data in order to design a rational dosage regimen for extracts of devil's claw and obtain useful information for clinical treatment.
| MATERIAL S AND ME THODS

| Experimental trials: Horses and equine samples
Six adult clinically healthy warm-blooded horses (1 gelding, 5 mares), with no history of joint disease, weighing 495-560 kg, were included in the study. They received three meals of a commercial feed per day.
During the experimental period, each horse was kept in an individual straw-bedded stable and given water ad libitum. The horses were kept on paddocks between the experiments.
The horses were randomly assigned to two treatment groups, using an open, single-dose, two-treatment, two-period, and randomized cross-over design. A 7 days washout period was arranged between administrations. The horses were weighed the day before each drug administration to exactly calculate the required dose of the Harpagophytum extract. The dosage was calculated based on the recommended daily dosage in humans (Chrubasik, 2004; ESCOP Monographs, 2009 ) considering metabolic body weight and equine body mass, respectively, and is reflecting the empirical applied dosages in horses based on the results of a clinical trial with the same H. procumbens extract conducted at the University of Veterinary Medicine Vienna, data not published. Each horse received a single harpagoside-dose of 5 mg/kg BM (trial 1) and 10 mg/kg BM (trial 2) via nasogastric tube. A catheter was placed into the left jugular vein to facilitate blood sampling. Blood samples (8 ml) were collected into heparinized tubes before and 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12 and 24 hr after intragastric administration. The blood samples were immediately centrifuged at 3900 g for 10 min. The plasma collected was stored at −20°C until analysis.
The study was discussed and approved by the institutional ethics committee (BMWF-68.205/0109-II/10b/2009) according to international guidelines. 
| Chemicals and instrumentation
| Sample preparation and plasma analysis
Plasma samples were cleaned up by solid-phase extraction (SPE), according to the method described by Colas et al. (2006) with small modifications. SPE was performed with hydrophilic styrene-based polymer Supel™-Select HLB 60 mg/3 ml SPE cartridges using a Supelco Visiprep™ 12-Port Model SPE workstation and a vacuum pump. The column was conditioned with 3 ml MeOH and 3 ml H 2 O.
A 2 ml of equine plasma was loaded. The column was washed with 3 ml H 2 O. Harpagoside was eluted with 2 ml MeOH/CH 3 CN (ratio 50/50 vol/vol). The eluted samples were evaporated to dryness at 43°C with a SpeedVac concentrator. The residual extract was reconstituted in 200 μl MeOH. A 20 μl apigenin-7-glucoside (1 μg/ml) was added as internal standard (IS), prior to LC-MS/MS-analysis.
LC-MS/MS analysis was performed on an Agilent 1100 series LC system with a Synergy Hydro RP column (2.5 μm, 150 × 2 mm), Phenomenex (Torrance, CA, USA).
The flow rate was 0.2 ml/min and an 11 min gradient from 30% to 95% methanol in 0.1% formic acid was applied within a total runtime of 25 min. A 10 μl of sample was injected. 
| Validation of the LC-MS/MS method
To determine the selectivity of the method, the chromatograms of blank, spiked and drug administered equine plasma were compared to determine the level of interference by endogenous coeluent components.
Quantification of harpagoside was performed using apigenin-7-glucoside as internal standard. Stock standard solutions of harpagoside (100 ng/ml) and apigenin-7-glucoside (IS, 1 μg/ml) were prepared separately in methanol. These solutions were stored at 4°C
away from light and were found to be stable for at least 6 months.
For the calibration curves, a series of 1 ml blank equine plasma was spiked with harpagoside and IS from the stock standard solutions to give harpagoside concentrations of 2.5, 5, 10, 15, 20 and 30 ng/ml.
Sample preparation and LC-MS/MS analysis of the calibration samples were performed as described above. Quantification was based on the ratio of the harpagoside peak area to internal standard peak area.
The limit of detection (LOD) was defined as the lowest concentration of spiked plasma samples resulting in a signal-to-noise ratio (S/N) of 3:1, and for the limit of quantification (LOQ) signal-to-noise ratio of 10:1. Both were determined using plasma samples spiked with harpagoside standards in concentrations of 2.5-30 ng/ml (n = 6 each). For each spiked standard the peak intensity of harpagoside was compared to the noise in the near neighborhood of the harpagoside peak. The resulting linear regression of S/N versus concentrations was used for determination of LOD and LOQ.
The accuracy of the method was assessed by adding known amounts (10 ng/ml) of the active pharmaceutical ingredient (harpagoside) to the equine blank plasma before SPE enrichment. Recovery (%) was calculated analysing four replicate QC samples. These were prepared in the same way as the calibration samples.
In order to evaluate precision, the repeatability (intra-day and inter-day) was analysed using the same QC samples spiked with 10 ng/ml harpagoside. They were injected into the LC-MS/ MS system six times on two different days. This allowed the percentage relative standard deviations (RSD, %) of the data to be calculated.
The stability of harpagoside in the plasma was assessed using spiked QC samples (2.5, 5, 10 ng/ml) under three conditions (room temperature, 12 hr; −4°C, 30 days; −20°C, 30 days).
| Pharmacokinetic analysis
For determination of pharmacokinetic parameters, the software PKSolver (Zhang, Huo, Zhou, & Xie, 2010) , an add-in programme for pharmacokinetic and pharmacodynamic data analysis in Microsoft
Excel, was used. The utilized model was a noncompartmental analysis of plasma data after extravascular input. Linear trapezoidal calculation method was used for AUC.
| Safety assessment
Participant horses were monitored for adverse reactions, if any, with special attention to gastrointestinal disturbances as reported in humans. Safety monitoring included clinical investigation and evaluation of clinical signs as appetite and feed intake.
| RE SULTS
| Optimization of sample preparation and LC-MS/MS conditions
Selectivity of the extraction process was verified for plasma samples by comparison of a blank with the same sample spiked at a known concentration of harpagoside. No interfering peaks were observed at the expected retention time.
Linearity was obtained in the harpagoside concentration range 2.5-30 ng/ml. Samples were analysed in two batches. For each batch, six sets of standard calibration curves were measured.
The LOD (S/N = 3:1) for harpagoside was 2 ng/ml and the LOQ (S/N = 10:1) was 8 ng/ml.
The determination of precision using plasma samples spiked with 10 ng harpagoside per ml showed 6.3 % RSD intra-day and 12.8 % inter-day reproducibility. Accuracy of the sample preparation method including SPE showed a mean recovery of 96.8 %.
To determine the stability of harpagoside equine spiked plasma samples (2.5, 5, 10 ng/ml) were assessed under three conditions (room temperature, 12 hr; −4°C, 30 days; −20°C, 30 days).
Harpagoside was stable under these conditions, storage did not affect concentrations.
| Pharmacokinetics
Plasma samples of six horses following single intragastric administration of H. procumbens extract FB 8858 were analysed by the above described method. The active pharmaceutical ingredient harpagoside was detected in equine plasma at 30 min after administration via nasogastric tube and reached the maximum plasma concentration (C max ) 25.59 ng/ml in trial 1 and 55.46 ng/ml in trial 2 at Note. AUC 0-inf , Area under the plasma concentration-time curve from time zero to infinity; AUC 0-t , Area under the plasma concentration-time curve from time zero to time t; AUMC 0-inf , Area under the first moment of the plasma concentration-time curve from time zero to infinity; CL/F, apparent total clearance of the drug from plasma after extravascular administration; C max , maximum plasma drug concentration; MRT, mean residence time from time zero to infinity; t max , time to maximum plasma concentration; V z /F, apparent volume of distribution during terminal phase after extravascular administration; λ z , terminal rate constant; t 1/2 , half-life.
TA B L E 1 Mean pharmacokinetic parameters calculated from equine drug plasma concentrations of harpagoside in six horses after single intragastric administration of Harpagophytum procumbens extract FB 8858 corresponding to 5 mg/kg BM versus 10 mg/kg BM harpagoside by PKSolver using a noncompartmental analysis of plasma data after extravascular administration. Linear trapezoidal calculation method was used for AUC respectively, in six horses are presented in Table 1 . There was a proportional relationship between dose and C max or dose and AUC.
The mean harpagoside plasma concentration-time profiles are depicted in Figure 1 .
No clinical signs of systemic drug intolerance or adverse reactions, such as gastrointestinal disturbances, were seen during the period of observation after the administration in any of the treated horses.
| D ISCUSS I ON
Extracts of devil's claw show analgetic and anti-inflammatory effects and improve significantly the symptomatology of chronicinflammatory diseases like e.g., arthrosis of the hips and knees in human (Chrubasik, Pollak, & Black, 2002; Mahomed & Ojewole, 2004; Wegener & Lüpke, 2003) . In addition, an increasing amount of in vitro studies confirm the anti-inflammatory, anti-oxidative and analgetic properties of H. procumbens making it a promising medicinal plant (Mncwangi et al., 2012 ). In traditional medicine, H. procumbens preparations are mainly used against chronic inflammation of the joints (Schopohl et al., 2016) . In Veterinary Medicine, they are used for the prevention of inflammatory symptoms in competition horses and in the treatment of animals with lameness (Colas, Garcia, & Popot, 2008) .
The Food and Drug Administration of the United States of
America claimed that botanical drug products should be investigated with regard to the blood levels of known active constituents, representative markers and major chemical compounds.
Some pharmacokinetic data of devil's claw have been published in human (Loew et al., 2001) and analytical methods for analysis of harpagoside in equine urine and plasma have been established by Colas et al. (2006 Colas et al. ( , 2008 , but to the best of our knowledge this is the first study presenting substantive pharmacokinetic data of harpagoside, the main active constituent of H. procumbens and H. zeyheri, in horses.
Prior to pharmacokinetic data acquisition, a sample preparation workflow was established using solid phase extraction for cleanup and enrichment of harpagoside in equine plasma followed by anal- of harpagoside concentrations in postadministration equine plasma samples, which has also been reported for humans (Loew et al., 2001 ).
In contrast to humans, for whom in time course of plasma levels a second increase in harpagoside 8 hours after oral administration of the extract WS 1531 was found (Loew et al., 2001) , potentially indicating the enterohepatic circulation of harpagoside, there was no second harpagoside peak in equine plasma in the present study.
Conjugates ( (Colas et al., 2006) . In the present study, it was possible to determine the concentration of harpagoside in equine plasma up to 9 hr after single intragastric administration of a Harpagophytum extract.
The fact that harpagoside could be detected up to 24 hr in urine in the study of Colas et al. (2006) might be important for analysis of postcompetition samples for controlling drug exposure in the horse. However, controlling the drug effect, rather than the drug exposure, makes urine a less than ideal matrix (Toutain & Lassourd, 2002 ).
The present data showed low inter-individual variability in harpagoside plasma concentrations in the horse. In consideration that this is a characteristic for drugs which have limited biotransformation, harpagoside seems to be metabolized to a relatively low extent, minimizing the risk of metabolic drug-drug interactions. There are no reports on Harpagophytum regarding other drug-interactions in various species (Harman, 2002) ; moreover, no evidence of interactions has been reported in horses (Williams & Lamprecht, 2008) .
The half-life of harpagoside 2.53 and 2.32 hr, respectively, in the present study, is also indicative that multiple doses of Harpagophytum extract are required throughout the day. This also brings up the importance of the galenic formulation. By the way, detection time is a variable influenced by many factors unrelated to the drug properties, such as dose, route of administration, pharmaceutical formulation or LOD (Toutain & Lassourd, 2002) .
There are no published data about the distribution of harpagoside in human plasma to be compared. A low volume of distribution of a substance indicates that the drug does not have the attempt to go specifically to "deep" tissues in the peripheral compartments or is stored or pooled somewhere in the peripheral compartment, such as fat or is bound to specific biological material (Ritschel, Banarer, Diaz, Margary, & Otero, 1980) . It is suggested that harpagoside could not easily be accumulated in equine plasma.
As No side effects associated with Harpagophytum have been reported in horses. To our knowledge, there is only one clinical study investigating the efficacy of a H. procumbens preparation in horses with tarsal osteoarthritis (Montavon, 1994) . Even in the present study, no clinical signs of gastrointestinal adverse reactions could be seen in any of the treated horses. However, further investigations should be done to confirm long-term safety of Harpagophytum preparations in horses.
| CON CLUS ION
The main pharmacokinetic data of harpagoside in equine plasma are essential to understand the time course of this efficacious substance after administration of an extract of Harpagophytum procumbens (Devil's Claw) in horses. Devil's claw is a safe drug and well-tolerated on oral administration route. Treatment of horses with
Harpagophytum extract did not cause any clinically detectable side effects such as gastrointestinal irritation in our study. The knowledge of basic pharmacokinetics of devil's claw in the horse, based on the results of this study, will help to link results from in vitro assays and clinical studies and optimize therapeutic efficacy.
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